INTRODUCTION 23 24
In 2005 an estimated 1.6 million people lived with the loss of a limb in the USA and 25 at the end of 2013 there were 1,558 traumatic war-related amputations registered due 26 to military operations in Iraq and Afghanistan 1,2 . A twenty-four-year follow-up study 27 on veteran amputees with traumatic lower-limb amputations revealed increased 28 mortality rates compared to the general population (21.9% vs. 12.1%) 3 . Many veteran 29 amputees, however, live for many years after their war-related traumatic lower-limb 30 amputation 3 , highlighting the importance of understanding the quality of life (QoL) 31 of survivors. Health-related quality of life (HRQoL) reflects an overall sense of well 32 being comprising the emotional, physical and social aspects of a person's life 4 . 33 HRQoL after amputation is therefore an important short-and long-term outcome 34 measurement for patients with lower-limb amputations 5 . 35
Veterans with lower-limb amputations due to war-related activities are typically 36 young men in good physical shape with a military mind-set. Therefore, the underlying 37 physical and social determinants of HRQoL may differ in veteran amputees compared 38 to civilians. Identification of specific determinants in veterans with traumatic 39 amputation(s) may provide crucial information for planning rehabilitation 40 interventions for veterans with lower-limb amputation(s). Even though HRQoL is an 41 important and relevant outcome, not much is known about the underlying physical 42 and social factors that influence HRQoL in veterans with lower-limb amputation. 43
Both vascular and traumatic lower-limb amputees showed decreased HRQoL 6-9 , the 44 determining factors being: increasing age 9-11 , higher unemployment 9 , more phantom 45 pain 9, 12 , more residual limb pain 9-11 , higher depression levels 10 and lower physical 46 function [10] [11] [12] [13] , but these findings are not specific for veteran amputees. 47
It is unknown whether the above-mentioned determinants are the same for veteran 48 amputees. As a result, the objective of this study was to systematically review the 49 literature concerning the relationship between physical and social determinants and 50
HRQoL in veterans with uni-or bilateral lower-limb amputation(s). 51
Methods 52 53

Protocol and registration 54
After initially screening a large volume of studies for relevance and eligibility, we 55 registered and published a protocol for our systematic review in PROSPERO, an 56 international database of prospectively registered systematic reviews in health and 57 social care, no. CRD42014014437. 58
59
Eligibility criteria 60
To be included in our review studies had to examine veterans with uni-or bilateral 61 
Study selection 106
The literature search identified 2073 citations, 1005 of which were duplicates (figure 107 1). The remaining 1068 unique articles were screened for eligibility by title and 108 abstract, resulting in 29 potential articles for full-text review, 23 of which were 109 excluded. During the full-text reading an additional two studies were identified and 110 included after undergoing the same selection process (Dougherty 1999 (Dougherty , 2001 , 111 resulting in ten articles for our systematic review. Supplementary Table S2 lists the 112 characteristics of the studies that were excluded. 113 114
Insert figure 1 about here 115 116
Synthesis of results 117
A descriptive analysis of the data was undertaken due to the heterogeneity of the 118 studies. Physical and social factors that influence HRQOL will be presented 119 separately. 120
121
Characteristics of included studies 122 
Studies comparing veterans to the normal population 163
Two studies compared veteran amputees to a normal population 19, 20 . 164
Significant between-groups differences were found on the SF-36 subscale physical 165 functioning, with no differences observed on any other subscales 19 . Forty-three 166 percent of the veterans reported still walking, 78% used a wheelchair as primary 167 transportation, 70% were employed and 91% were married. No determining factors 168 were reported. 169
Significant between-group differences on all SF-36 subscales were reported for 170 amputees with an additional major long-bone fracture of the lower extremity, burns 171 covering >20% of the body, or a chest, abdominal, face or head wound, compared to 172 the normal population 20 . All amputees with additional injury were employed, 93% 173 were married, 82% had children and 21% received psychological care. For the group 174 of amputees without an additional injury no significant between-group difference was 175 observed when compared to the normal population. Ninety-eight percent of theamputees without additional injury were employed and married, 84% had children 177 and 50% received psychological care. No determining factors were reported in either 178 of the two groups. 179
180
Studies comparing veterans to other veterans 181
Six studies compared veteran amputees to another veteran population [21] [22] [23] [24] [25] [26] . 182
No differences in the prevalence of depression, posttraumatic stress disorder and brain 183 injury were found between groups or type of limb loss, but an increasing prevalence 184 of chronic back pain with more limbs amputated was found 21, 22 . 
Quality of evidence and risk of bias across studies 214
As stated in the protocol and the methods section the present review aimed to include 215 randomised controlled trials, quasi-randomised controlled trials, controlled trials, 216 cohort studies and cross-sectional studies; however, due to limited evidence base only 217 cross-sectional studies were included in this systematic review. 218 GRADE was used to evaluate the quality of the body of evidence for determining 219 factors for HRQoL. Only two of the included studies were designed to directly 220 investigate factors determining HRQoL; however, when data was available, relevant 221 factors for HRQoL were included in the present review. All of the included studies 222
were cross sectional and the majority of them had relatively small sample sizes, which 223 means publication bias cannot be assessed or ruled out. Results varied considerably 224 concerning physical activity, some studies identifying it as a determining factor for 225
HRQoL and others failing to find a relationship between the two. The authors of the 226 present review rate the body of evidence to be of very low quality for each of the 227 identified determinants for HRQoL among veterans with lower-limb amputation(s). 228 Due to poor reporting in the ten eligible studies, this review was unable confidently 269 quantify the extent of contribution for most of the identified factors for veterans. 270
Generally, the included studies had small sample sizes, some did not provide long-271 term outcomes and all of them showed shortcomings in the methodological quality, 272 not to mention a medium to high risk of bias. Based on GRADE, the quality of 273 evidence for each of the identified determinants is very low due to the study design, 274 indirectness of the research question in some of the studies, the inconsistency of 275 findings between studies and due to the probability of publication bias, table 2. 276
Notwithstanding the above findings, the very low grade reflects that the authors 277 suspect that the determinants identified in the studies may vary substantially from the 278 ones identified in the current review. Good methodological studies with larger sample 279 sizes are urgently needed to better understand the factors that influence HRQoL in 280 veterans with lower-limb amputation. 281
Limitations 282
The findings in this review are limited to veterans with traumatic lower-limb loss. The 283 review included studies that did not primarily focus on factors that influence HRQoL. 284
As a result, some factors that affect HRQoL may have been ignored and data 285 unreported in those articles. Because the total body of evidence was not very large, 286
we nonetheless included these studies to obtain the data that was available on the 287 reported determinants 288
Two of the studies in the present review were conducted over ten years ago and may 289 not reflect modern service provision and outcomes. In recent years prosthetics have 290 improved, which has possibly had an impact on HRQoL. 291
Used to assess the quality and risk of bias in the studies in this review, the NIH 292 Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies is 293 based on a subjective assessment but bolstered by NIH guidelines and supplemented 294 by an evaluation based on consensus. 295
CONCLUSIONS 296
Implications for practice 297
This systematic review identified physical activity level, sport participation, level of 298 amputation, back pain, years of education, as well as duration and severity of 299 phantom pain as determining factors for HRQoL among veterans with lower-limb 300 amputation. When considering interventions aimed at improving HRQoL, clinical and 301 rehabilitation teams are well placed to promote physical activity and sport but should 302 also take into account the level of amputation, the extent of back pain and the severity 303 of phantom pain. 304
305
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Implications for research 308
A key recommendation from this review is that HRQoL studies involving veterans 309 should adopt a higher level of reporting for correlation and regression analyses. 310 Systematic reviews are only as good as the data they collate and the study types they 311 include, which suggest that more high quality research designs, interventions and 312 complex statistical analyses are warranted to identify which physical and social 313 factors influence HRQoL. 314
Future research 315
As a result of the involvement in Iraq and Afghanistan, health care systems are facing 316 long-term future challenges in caring for veterans 31 . To manage these challenges, 317
there is an urgent need to identify and study the factors that influence HRQoL to be 318 able to meet veterans' rehabilitation needs and to prevent the increased mortality rate 319 among veterans due to cardiovascular disease 3, 32 authors' judgements about quality assessment and risk of bias for each included study. 490 Table 1 : Characteristics of included studies 491 
